Background/Aims: Growth differentiation factor-15 (GDF-15) expression has been reported to increase in response to tissue damage and has recently emerged as a useful biomarker for various diseases. Although emerging evidence supports the clinicopathological value of GDF-15 in renal impairment, few studies have analyzed it in the elderly. Thus, we conducted a crosssectional study to investigate the association of plasma GDF-15 with renal function and the presence of chronic kidney disease (CKD) in community-dwelling elderly. Materials: The present study was based on the baseline data of the Korean Frailty and Aging Cohort Study (KFACS), a nationwide cohort study that began in 2016. Of the 1,559 participants assessed in the first year, 443 with available plasma GDF-15 data were enrolled in this study. We investigated the association of plasma GDF-15 levels with clinical and biochemical parameters. The study population was divided into two groups according to renal function (CKD and non-CKD groups) to investigate whether GDF-15 can determine the presence of renal dysfunction in the elderly. Plasma GDF-15 was measured by enzyme-linked immunosorbent assay (ELISA) kit. Results: In a simple regression analysis, the levels of plasma GDF-15 were negatively correlated with estimated glomerular filtration rate (eGFR; r = -0.383, p < 0.001). In multiple linear regression analysis, GDF-15 levels were still significantly correlated with eGFR, even after adjusting for other parameters (r = -0.259, p < 0.001). Plasma GDF-15 levels were significantly higher in the elderly with CKD than in those without CKD (2,364.025 ± 1,052.23 ng/L and 1,451.23 ± 835.79 ng/L, respectively; p < 0.001). The optimal cut-off value of plasma GDF-15 for detecting the presence of CKD was 1,699.4 ng/L (76.5% sensitivity and 76.0% specificity), as determined by the receiver operating characteristic curve. The area under the curve was
Introduction
Renal dysfunction is a common clinical problem in the elderly [1] . Considering that the risk factors for renal impairment, such as diabetes mellitus (DM) and hypertension, are increasing with improved life expectancy, renal dysfunction in the elderly is expected to become more frequent [2] . Since renal dysfunction is associated with higher morbidity and mortality in the elderly [2, 3] , further studies are needed to assess and diagnose it in this population. Although several parameters have been reported as biomarkers for estimating renal function, few studies have explored them in the elderly [4] .
Growth differentiation factor-15 (GDF-15) is a member of the transforming growth factor β-superfamily and is widely expressed in adult tissues [5] . Elevated GDF-15 levels are associated with chronic inflammation, oxidative stress, and tissue injury [6] . Recently, GDF-15 has emerged as a biomarker for diagnosis and prediction of disease progression in various diseases, including cardiovascular and chronic inflammatory diseases [7] . Some studies have reported that higher GDF-15 levels are also associated with renal disorders such as diabetic nephropathy, idiopathic membranous nephropathy, and IgA nephropathy [8] [9] [10] [11] . Other researchers have demonstrated that GDF-15 levels are correlated with prognosis of chronic kidney disease (CKD) [12, 13] . However, only a few studies have analyzed the association between GDF-15 and renal function in the elderly [14] . To our knowledge, there has been no study suggesting the cut-off level of plasma GDF-15 for discrimination of CKD presence in the elderly.
Therefore, we conducted this study to determine the association between plasma GDF-15 level and renal function in elderly individuals. We evaluated the correlation between plasma GDF-15 level and estimated glomerular filtration rate (eGFR) and analyzed the level of plasma GDF-15 in the elderly with or without CKD. We also determined whether plasma GDF-15 level can discern the presence of CKD in the elderly and obtained the optimal cut-off level of plasma GDF-15. The first-year cross-sectional data from the nationwide Korean Frailty and Aging Cohort Study (KFACS) were used in this study.
Methods

Study Population and Design
The study population was derived from the KFACS, a nationwide, multicenter, longitudinal cohort study in which the baseline survey was conducted from 2016 to 2017. The participants were recruited from community-dwelling residents in urban and rural regions across the nation. Community residents with no plans to move in the next two years, aged 70-84 years, without serious problems in communication, and living independently at home were eligible for participation. Further details of the KFACS have been previously described [15] . Of the 1,559 participants who enrolled in the KFACS during the first year, 443 with available plasma GDF-15 data were included in this study. After investigating the association between
Variables and Definitions
Baseline variables included age, gender, body mass index (BMI), and underlying diseases such as hypertension, dyslipidemia, and DM. Laboratory findings, including serum protein, albumin, creatinine, glucose, electrolytes, lipid profiles, and inflammatory markers, were analyzed. Renal function was assessed via the eGFR, calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [16] . CKD was defined as eGFR < 60 mL/min/1.73 m 2 . In this study, we defined proteinuria as ≥1+ by the dipstick test, and hematuria as ≥3 urine red blood cells per high-power field on a random urine sample. 
Measurement of Plasma GDF-15
Venous blood samples were obtained from the participants in the morning under fasting condition. Plasma was separated by centrifugation and stored at -80 ° C until analysis. Plasma GDF-15 was measured using a human GDF-15 enzyme-linked immunosorbent assay (ELISA) kit (Cohesion Biosciences, London, UK), according to the manufacturer's instructions. All measurements were performed by investigators blinded to individual participant data.
Statistics
Continuous variables are presented as the mean ± standard deviation (SD), and categorical data are reported as the frequency and percentage. An analysis of continuous variables was performed using Student's t test, and that of categorical variables used the Chisquare or Fisher's exact test, as appropriate. Correlations between plasma GDF-15 level and clinical and biochemical parameters were investigated by performing linear and multiple regression analyses. Receiver operating characteristic (ROC) curves were drawn to determine the sensitivity, specificity, and area under the curve (AUC) by which CKD was predicted. A p value < 0.05 was considered to be statistically significant. All statistical analyses were carried out using the SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA). 
Results
Study Population Characteristics
The clinical and biochemical characteristics of the 443 participants are shown in Table 1 . The mean age of the participants was 76.49 ± 3.91 years and 229 (51.7%) subjects were male. Of the participants, 241 (54.4%) had hypertension, and 88 (19.9%) had DM. The mean creatinine level was 0.84 ± 0.25 mg/dL, with a mean eGFR of 77.74 ± 13.83 mL/min/1.73 m 2 . Proteinuria was observed in 9 (2.0%) participants, and hematuria was observed in 117 (26.4%) participants. The mean GDF-15 level was 1,556.32 ± 910.09 ng/L. Table 2 shows the correlation between plasma GDF-15 levels and clinical and biochemical parameters. In a simple regression analysis, GDF-15 levels were negatively correlated with eGFR (r = -0.383, p < 0.001, Table 2 and Fig. 1 ). GDF-15 levels also tended toward negative significance with regard to total cholesterol, high-density lipoprotein (HDL) cholesterol, and hemoglobin, but toward positive significance with age, proteinuria, dyslipidemia, DM, coronary artery disease, protein, glucose, calcium, phosphorus, potassium, and 25-hydroxy vitamin D. In multiple linear regression analysis, eGFR (r = -0.259, p < 0.001), proteinuria (r = 0.084, p = 0.045), DM (r = 0.357, p < 0.001), and hemoglobin (r = -0.107, p < 0.013) were found to correlate significantly with GDF-15.
Associations between GDF-15 and Clinical and Biochemical Parameters
CKD and GDF-15
To analyze whether plasma GDF-15 can discern the presence of renal dysfunction in the elderly, we divided the study population into two groups: CKD and non-CKD. The characteristics of the two groups are summarized in Table 3 . Participants in the CKD group were likely to be older than those in the non-CKD group (77.67 ± 4.09 and 76.34 ± 3.87, respectively, p = 0.022). The CKD group had significantly higher levels of potassium and lower levels of LDL cholesterol, triglyceride, and hemoglobin. Plasma GDF-15 was significantly higher in the CKD group than in the non-CKD group (Table 3 and Fig. 2, p < 0.001) . As shown in Figure 3, drew an ROC curve to determine the AUC of GDF-15 levels and to identify an optimal cut-off value for discrimination between the elderly with or without CKD. The GDF-15 AUC was 0.793 ± 0.033 (95% CI 0.729-0.857, p < 0.001). The optimal GDF-15 cut-off value that detects the presence of CKD was 1,699.4 ng/L (76.5% sensitivity and 76.0% specificity). 
Discussion
In the present study, we investigated the association between plasma GDF-15 levels and renal function in the elderly using data from the KFACS. Our three principal findings are that, in the elderly: (1) GDF-15 is independently correlated with eGFR even after adjusting for other parameters; (2) GDF-15 correlates positively with proteinuria and DM, and negatively with hemoglobin level; and (3) increased GDF-15 was significantly associated with the presence of CKD.
GDF-15 has been indicated as a useful diagnostic and prognostic marker for cardiovascular diseases [17, 18] , and studies based on GDF-15 are also being conducted in other disease fields, such as metabolic disorders, chronic inflammatory diseases, and malignancies [7, 19] . In our study, GDF-15 correlated independently with DM and hemoglobin levels, findings that are consistent with previous studies [19] [20] [21] [22] . Kempf et al. [19] reported that GDF-15 is related to insulin resistance and independently associated with the future development of abnormal glucose control. Other study groups have revealed that elevated GDF-15 in obese patients is further increased by the concurrence of type 2 DM [20] . An association between anemia and GDF-15 has also been documented in previous studies. Hong et al. [21] determined that anemia in type 2 DM without overt renal dysfunction was independently associated with increasing hepcidin and GDF-15 levels. Another study revealed an association among GDF-15, anemia, and inflammation in elderly patients with early CKD [22] . Recently, GDF-15 level was found to have significant clinical association with renal disorders. Na et al. [11] demonstrated that plasma GDF-15 has an inverse correlation with eGFR and is associated with poor renal outcomes in patients with IgA nephropathy, and Ham et al. [10] reported similar trends in patients with idiopathic membranous nephropathy. Higher levels of GDF-15 predicted faster decline of renal function in patients with type 1 DM who have nephropathy [8] and starting dialysis in light chain amyloidosis patients [23] . Viji et al. [12] demonstrated that the level of plasma GDF-15 strongly correlates with intrarenal expression of GDF-15 mRNA, and that elevated GDF-15 was significantly associated with increased risk of renal function deterioration in patients with CKD.
Although several kidney biomarkers such as cystatin C and neutrophil gelatinase-associated lipocalin (NGAL) have been introduced, identification of a new marker is needed to assess accurate renal function and to understand the complex pathophysiology of renal disorders [12, 24] . Our findings suggest that GDF-15 may be a useful kidney biomarker, especially in the elderly. In this study, we demonstrated that plasma GDF-15 level has an inverse graded association with eGFR, and this association remained after adjustment for various factors including age. This indicates that GDF-15 correlates with eGFR in the elderly independently rather than in relation to aging. We also revealed that the level of plasma GDF-15 was independent of BMI or gender. Considering muscle mass changes with aging, this may be an advantage in assessing renal function in the elderly [25, 26] . In addition, we showed a positive correlation between GDF-15 and proteinuria. Since proteinuria has been reported as a marker for renal injury and a risk factor for CKD progression [27] , GDF-15 is a potential biomarker for renal dysfunction in the elderly. Whether the GDF-15 level is a risk factor for CKD progression in the elderly will be evaluated in our next study using follow-up data of the KFACS. While the mechanisms by which increased GDF-15 level could reflect the presence of renal disorders and predict disease prognosis are still unclear, some proposals have been suggested. Previous studies have reported the increase of GDF-15 after organ injury, including kidney damage. Simonson et al. [9] have established that urinary levels of GDF-15 have a positive correlation with proximal tubule injury in a mouse model. Zimmers et al. [6] demonstrated induction of GDF-15 expression after kidney or lung injury in murine models and suggested that GDF-15 is an early mediator in organ injury. Abulizi et al. [28] have determined that GDF-15 deficiency in a lipopolysaccharide-induced renal injury model aggravates renal damage. Other investigators demonstrated that genetic deletion of GDF-15 exacerbated injury in the renal interstitium and tubules in diabetic mice [29] . Based on these findings, we deduce that GDF-15 expression increases in the relatively early stage of renal injury to protect from tissue damage and is therefore able to predict disease by comparing this increase to the degree of tissue injury. Further studies are needed to understand the exact underlying mechanisms involved.
Our study has some potential limitations. First, the participants enrolled in the present study were predominantly Korean. Therefore, the results should be generalized with caution, and further studies are needed to assess the clinical value of GDF-15 in different populations. Second, serum creatinine was measured only once, which could lead to misclassification of the study population and thus may not have allowed us to accurately evaluate AKI; note that we could not obtain additional data because of the features of the database. In our next study, we plan to eliminate these drawbacks using prospective KFACS cohort data collection. Third, the glomerular filtration rate was not measured directly, but estimated using the CKD-EPI equation. This could lead to an over-or underestimation of renal function. Fourth, this was a cross-sectional study and could not evaluate the short-term or long-term prognostic value of GDF-15. However, considering that the KFACS is a longitudinal cohort study, we will be able to assess GDF-15 as a prognostic biomarker in our next study. Finally, we could not determine the underlying mechanisms of our findings. Further longitudinal and comparative studies are needed to investigate the mechanism responsible for the association between GDF-15 and renal function in the elderly. However, our study is significant because it is the first to establish a significant correlation between plasma GDF-15 and eGFR in a well-characterized cohort that represented the general aged population and is the first to analyze its optimal cut-off level for discriminating the presence of renal dysfunction in the elderly. Our findings could be an opportunity to identify a new biomarker for renal dysfunction in elderly individuals and may lead to further studies to understand the underlying pathophysiology of renal dysfunction and GDF-15 in the elderly.
In conclusion, plasma GDF-15 has a negative correlation with eGFR in the elderly and is significantly elevated in elderly participants with CKD. Our results indicate that GDF-15 could be a potential clinical parameter for detecting renal dysfunction in the elderly. Further longitudinal, comparative, and multiethnic studies are needed to ascertain the underlying mechanisms. Kim 
